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Abstract
Sustainable agriculture to feed the growing populations in West Africa has become an issue of major concern.
Improved management of natural resources is necessary to effect long-term gains in productivity. This requires the
adoption of more integrated approaches to agricultural production that consider the coexistence and dependence
of man, trees, crops, and livestock. Various aspects of the strategic, applied, and adaptive research of six interna-
tional agricultural research centers (IARCs) and the International Fertilizer Development Center (IFDC) at the
ICRISAT Sahelian Center (ISC) in Niger that aim to improve the productivity of the millet-based cropping systems
are described. ICRISAT coordinates this ecoregional activity in effective partnership with the appropriate national
agricultural research systems (NARS) established through network mechanisms already operational within each
IARC. Results of the past decade's cooperative activities are presented.
The opinions in this publication are those of the authors and not necessarily those of ICRISAT. The designations
employed and the presentation of the material in this publication do not imply the expression of any opinion
whatsoever on the part of ICRISAT concerning the legal status of any country, territory, city, or area, or of its
authorities, or concerning the delimitation o.' its frontiers or boundaries. Where trade names are used this does not
constitute endorsement of or discrimination against any product by the Institute.
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Introduction West Africa is one of the poorest regions of the world, and subsistence agricul-
ture is the way of life for many of its inhabitants. Over 90% of the popu la t ion
lives in villages. Decades ago, wi th fewer people to feed, farmers could ma in -
tain the fragile natural resource base by practicing pastoral and shifting agri-
culture. However, growing popula t ion pressures, combined wi th shor tened
fallow cycles, cont inuous cultivation, extended droughts since 1969, and suc-
cessive crop failures, resulted in a decline in the per capita food product ion .
The following phenomena have created an urgent need to address the p rob-
lems of inadequate food production.
• As popula t ion density increases beyond 30-50 k m 2 , fallowing (the tradi-
tional practice of leaving the fields idle for a season to restore soil fertility)
will be eventually abandoned.
• The amoun t of wood cut for fuel currently exceeds the rate of its regenera-
tion by 30%, and is expected to increase.
• Overexploitation of natural resources leads to erosion: currently, 2000 tons of
soil k m 2 are being eroded each year.
• Monocropping and deforestation aggravate the problem of wind erosion.
Recent data from the World Bank (Table 1) show that at least a quarter of the
popula t ion in West Africa faces food insecurity. Imports of cereals are still high,
specially in Nigeria and Senegal. Such countries as Niger and Chad are produc-
ing less food today than they did 12 years ago.
T a b l e 1 . F o o d i n s e c u r i t y a n d i m p o r t s i n W e s t A f r i c a .
C o u n t r y
B u r k i n a F a s o
C h a d
G a m b i a
M a l i
M a u r i t a n i a
N i g e r
N i g e r i a
S e n e g a l
P o p u l a t i o n
f a c i n g
f o o d i n s e c u r i t y
( % )
32
5 4
19
3 5
2 5
28
17
21
A v e r a g e a n n u a l
c e r e a l i m p o r t
( in t h o u s a n d t o n s )
in 1990
145
36
-
61
8 5
8 6
502
534
I n d e x o f p e r c a p i t a
f o o d p r o d u c t i o n
i n 1 9 8 0 - 9 0
( 1 9 7 9 - 8 1 = 100)
114
8 5
-
9 7
8 6
71
106
102
Source World Bank 1992
A recent analysis by the World Bank of the Green Revolution in Asia versus
agriculture in West Africa showed clearly that the strategies adopted in West
Africa to combat increased popula t ion pressure were different from those in
Asia. In West Africa, serious problems relating to water management , erosion
control, and soil amelioration (acidity, alkalinity, toxicity, etc.) have to be over-
come before improved varieties could be effective. The Green Revolution
approach can not therefore be transferred to West African ecosystems whose
rainfall pat terns, soils, and land forms differ unfavorably from those of Asia.
Sustainable agriculture to feed growing populat ions has become an issue of
major concern, to which the Consultat ive Group on International Agricultural
Research (CGIAR) has responded by emphasizing resource managemen t re-
search. The CGlAR's Technical Advisory Commit tee (TAC) recognized the need
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to change the focus of research from agro-ecologically favorable areas to more
marginal ones, pr imari ly in sub-Saharan Africa (TAC 1987).
CGIAR and resource 
management research 
in West Africa 
The focus in West Africa mus t obviously shift to improved managemen t of
natural resources for long-term gains in productivity, instead of merely increas-
ing product ivi ty per se. In line wi th this increased emphas i s on sustainability,
TAC considers it essential that research on resource managemen t should focus
on issues that have a direct bearing on the product ivi ty and sustainabil i ty of
agriculture, forestry, and fisheries. The task of resource managemen t research is
to demons t ra te the potential and develop pa thways for incremental improve-
ments that meet the increasing d e m a n d s in a way that the farmers and the
countr ies of the region can afford.
Six of the nine goals of the CGIAR are pert inent to resource m a n a g e m e n t
research in West Africa.
• Effective managemen t and conservat ion of natural resources for sustainable
product ion.
• Improved product ivi ty of high-priority livestock and their integrat ion into
sustainable product ion systems.
• Improved productivi ty of high-priority trees and their integrat ion into sus-
tainable product ion systems.
• Progress towards equity (including gender equity) as well as improved
diets, nutri t ion, and family welfare through better unde r s t and ing of the
h u m a n linkages between product ion and consumpt ion .
• Appropr ia te policies for the increased product ivi ty of crops, livestock, trees,
and fish, and for the sustainable use of natural resources.
• Strengthened h u m a n resources and insti tutions for greater research capacity
in developing countr ies ' research systems.
The first three goals refer to management of natural resources and the inte-
grat ion of improved commodi t ies into sustainable product ion systems. The
next two goals relate to socioeconomic and policy environment . The last goal
focuses on deve lopment of h u m a n resources and on inst i tut ion-bui lding at
national or regional level.
ICRISAT Sahelian 
Center and resource 
management research 
The ICRISAT Sahelian Center (ISC) is ICRISAT's principal research base in the
Sahelian region of West Africa. The objectives of ISC are an extension of ICRI-
SAT's manda te :
• To serve as a world center for the improvement of grain yield and quali ty of
sorghum, pearl millet, finger millet, chickpea, p igeonpea, and g r o u n d n u t
and to act as a world repository for the genetic resources of these crops.
• To deve lop improved farming systems that will help to increase and stabi-
lize agricultural product ion through more effective use of natural and hu-
m a n resources in the seasonally d ry semi-arid tropics (SAT).
• To identify constraints to agricultural deve lopment in the SAT and evaluate
means of alleviating them through technological and insti tutional changes.
• To assist in the deve lopment and transfer of technology to the farmer
through cooperat ion wi th national and regional research p rograms; by spon-
soring workshops , conferences, and training programs; and by assist ing in
extension activities.
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ICRISAT's Med ium Term Plan (MTP) for 1994-98 was formulated in the light
of the system-wide issues affecting the CGIAR. The methodology used in the
deve lopment of the MTP was innovat ive and highly analytical, wi th the entire
Institute contr ibuting to the data and judgements on which the Plan w a s foun-
ded. Based on detailed analysis of the economic consequences of the var ious
constraints affecting ICR1SAT manda te crops and the SAT e n v i r o n m e n t and
following considerable discussion, 92 potential research themes were identified
as components of lCRISAT's core-funded research portfolio.
Six priori ty themes in the MTP directly address the issues that concern re-
source managemen t research at ISC:
• Soil fertility
• Water deficit
• Characterizat ion of product ion envi ronments
• Agroforestry
• Assessment of technology adopt ion and impact evaluat ion
• Consumpt ion and demand studies
The first four themes are related to the first manda te s tatement and the last
two themes to the second manda te statement.
In order to achieve closer integration of the crop improvement and resource
management research activities across the Institute, and among the activities of
ICRISAT, national agricultural research systems (NARS), other international agri-
cultural research centers (IARCs) and mentor insti tutions, a new structure for
the organizat ion of research within ICRISAT was implemented on 1 Nov 1993.
This new structure evolved from the concept of identifying target product ion
systems through which to provide a common focus for the various regional
commodi ty- and disciplinary-based research activities of the Insti tute and its
collaborators. Emphasis is placed on 29 product ion systems, al lowing a focus
on ICRISAT manda te commodit ies in realistic situations, and the identification
of specific researchable problems and the areas in which to assess their impact .
Product ion systems are defined by four descriptors:
• Geography
• Environmental resources
• Key elements in the major farming systems (including commodi ty p roduc-
tion t rends and key socioeconomic variables)
• Important issues or constraints to improving productivi ty and sustainability.
Out of the 29 target product ion systems, six (numbers 13 to 16) were identi-
fied for the Western and Central Africa Region.
13. Transition zone from arid rangeland to short-season (less than 100 days) ,
rainfed, mi l le t /cowpea/ l ives tock . Sahelian Zone. 
14. Intermediate season (100-125 days), rainfed, m i l l e t / s o r g h u m / c o w p e a /
groundnut -based . Northern Sudanian Zone. 
15. Intermediate season (125-150 days), rainfed, mixed, sorghum-based . South-
ern Sudanian Zone. 
16. Long-season (150-180 days), rainfed, mixed, maize-based. Northern Guin-
ean Zone. 
17. H u m i d , b imodal rainfall, mixed root-crop based. Southern Guinean and For-
est Zones. 
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18. Low-lying areas p rone to inundat ion , postra iny season, s o r g h u m / m i l l e t /
g roundnut -based . Sahelian and Sudanian Zones. 
In the context of the emphas i s on resource managemen t research, there are
clear advan tages to us ing product ion systems:
• Interdisciplinary teams can be provided with identifiable objectives to focus
on real problems, exploiting the synergism of genetic, managemen t , and
socioeconomic research.
• A concrete basis for collaboration can be established wi th our par tners in the
national p rograms , all of w h o m have manda te s that focus pr imar i ly on
appl ied research for their nationally or regionally impor tan t p roduc t ion
systems.
• Ecoregional initiatives or research consortia that embrace NARS and IARCs 
and also focus on conservat ion and managemen t of natural resources that
interest donors are clearly del ineated.
• The direct impact of research on the target product ion system, and spillover
effects in related product ion systems or geographic areas, can be more easily
assessed.
• Scientifically and geographically diverse research work can be described in
a logical, cogent way, thus present ing a coherent picture to s takeholders .
Under the new structure, ICRISAT's research is packaged wi th the project as
the basic uni t of operat ion and management . Twenty-three global research
projects were defined in relation to the priori ty needs and research oppor-
tunit ies identified in the four major regions of the SAT—Asia, Southern and
Eastern Africa, Western and Central Africa, and Latin America and the Carib-
bean. Of these, four mult iple commodi ty systems projects (MCSPs) directly
address issues of resource management :
MCSP 1 Rainfed short season mi l l e t / l egume systems in deser t margins .
MCSP 2 Short to intermediate season m i l l e t / s o r g h u m / l e g u m e produc t ion
systems.
MCSP 3 Intermediate season m a i z e / s o r g h u m / l e g u m e mixed c ropping
systems.
MCSP 4 R i c e / w h e a t / l e g u m e product ion systems.
In addi t ion , a suite of 18 single commodi ty sys tems projects (SCSPs) and
cross commodi ty systems projects (CCSPs) has identified ou tpu t s wi th specific
l inkages to the four MCSPs. These projects also include ou tpu t s that have impli-
cations for resource managemen t research.
Each of the above projects will have a designated team and clearly defined
objectives and milestones. The team will be accountable for the deve lopment ,
conduct , management , resource utilization, report ing, and impact assessment
of the project.
To facilitate the definition, deve lopment , management , and conduct of pro-
jects, an organizat ional f ramework employing a t a n d e m matrix was deve loped .
There are two d imens ions to the matrix. The horizontal axis of the matr ix
includes the four geographic regions of the SAT. These geographic regions are
complemented by seven disciplinary Research Divisions on the vertical axis of
the matr ix. These Divisions have global responsibilities.
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The axes of the matrix are designed to emphas ize shared responsibili t ies,
goals, and outcomes through deve lopment and delivery of a relevant global
research project portfolio.
Cereal-based product ion systems in the Western and Central Africa region
are complex and their improvement includes such aspects as
• better use of natural resources (land, crop residues, trees, water, light,
nutrients),
• alleviation of crucial environmental constraints (poor nutr i t ive s ta tus of soil,
wind erosion, etc.),
• cowpea and forages (a vital component in the millet product ion system),
• consideration of the animal component (livestock, animal traction, and
manures) ,
• diversification and intensification of product ion systems, and
• socioeconomic constraints to the use of improved technologies.
To effectively address all the above aspects, the research approach requires
the efforts of a mult idisciplinary team as each component of the produc t ion
system is linked to the others. It was recognized in the early phases of research
at ISC that the Sahelian Zone (SZ) is un ique among all the climatic zones in the
world because of the coexistence and mutua l dependence of man, trees, crops,
and livestock in this region for centuries. No discussion on crop product ion
systems in this zone can be complete wi thout an appropr ia te considerat ion of
trees and livestock.
Importance of trees In the traditional agro-silvi-pastoral systems of West Africa, mul t ipu rpose trees
(MPTs) are predominant . They increase soil fertility by recycling nutr ients from
deep soil layers and are sources of fuelwood and timber, edible fruits, medi -
cines, and forage. Mul t ipurpose trees also control runoff and wind erosion;
lower soil temperatures; and facilitate water infiltration. The major p roduc t s of
trees—their foliage and fruit—constitute impor tant sources of livestock feed,
particularly at the end of the dry season when stocks of crop residues are
exhausted.
Importance of livestock As integrated product ion systems have become more permanent , the earlier
specialization in cropping or livestock rearing has become less common. Inter-
cropping millet, so rghum, cowpeas, and g roundnu t s , and raising cattle, sheep ,
a n d / o r goats stabilize food availability in a climatically risky envi ronment . A 
variety of economic and biological interactions between livestock rear ing and
crop product ion make mixed systems attractive to producers . Some of these
interactions have both beneficial and potentially detr imental consequences , as
shown by the following examples.
• Mixed farming is a risk diversification strategy. Ruminant livestock prov ide
an impor tant investment opportunity, and stabilize food availability du r ing
poor crop product ion years. However , the individual product ivi ty of crops
and livestock in mixed farming systems is often lower than that in spe-
cialized separate product ion systems.
• Crop product ion becomes more intensive as demograph ic pressures in-
crease. This requires in greater inputs of manua l labor per uni t of land and
results in occasional labor shortages. The use of animal traction can alleviate
labor shortages and increase crop yields. The adopt ion of animal traction in
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m a n y par ts of semi-arid Africa has been slow, however, and tillage of some
soils m a y increase the risk of wind and water erosion.
• Cropland forages and fodder (crop residues, weeds , browse , and fallow land
forages) are impor tan t livestock feeds du r ing the 6- to 8-month dry season.
However , the deplet ion of the vegetative cover th rough grazing a n d / o r
harves t ing of residues for feed, and the t rampl ing of the soil surface by
animals , m a y adversely affect soil propert ies and decrease the produc t ion
potent ial of both crops and livestock.
• The applicat ion of animal manures sustains the yields of many cult ivated
areas. However , there is the risk of that nutr ients will be removed from
rangeland in order to suppor t crop product ion, wi th deleter ious results.
Reduct ions in range:cropland ratios jeopardize the sustainabili ty of nutr ient
transfers and could cause feed shortages and overgrazing dur ing the wet
season.
International centers 
at ISC 
It is clear that the economic and ecological stability and sustainabil i ty of semi-
arid mixed farming systems depend u p o n technologies of c o m m o n benefit to
crop, tree, and livestock product ion. Hence, the p r imary goal at ISC was to
create an integrated research p rogram in collaboration wi th other international
centers. Two major considerat ions in defining the terms of par tnersh ips were
the compara t ive advan tage offered by each center as defined by its specific
m a n d a t e and the complementar i ty of these mandates . Based on these two
considerat ions, collaborative agreements were established wi th the Interna-
tional Livestock Centre for Africa (ILCA), the International Fertilizer Develop-
ment Center (IFDC), the International Institute of Tropical Agriculture (IITA), the
International Centre for Research in Agro-Forestry (ICRAF), the International
Food Policy Research Institute (IFPRI), and the International Board for Plant
Genetic Resources (IBPGR) [now the International Plant Genetic Resources In-
st i tute (IPGRI)].
In order to address the issue of plant nutr ient needs, IFDC stat ioned a soil
scientist at ISC in 1982. ICRISAT signed a cooperat ive agreement wi th ILCA in
1983 to conduct research on crop-l ivestock interactions at ISC. In 1987, IFDC
created an Africa Division to launch an integrated p rogram of plant nutr ient
research, training, and deve lopment to address the special needs of countr ies in
sub-Saharan Africa with an early focus on West Africa. In view of the impor-
tance of cowpea in the millet product ion systems in the SZ, IITA has stat ioned
an agronomis t at ISC since 1984 to s tudy the place of shor t -dura t ion grain types
of cowpea in sole and intercropping systems. ICRAF recognizes that the South-
ern Sahelian and Sudanian Zones are impor tant regions for its research and has
already established SALWA, a ne twork for the semi-arid lowlands of West Af-
rica. A tree geneticist from ICRAF was assigned to ISC in 1991. IFPRI initiated a 
p rog ram of food policy research in West Africa by appoin t ing a policy econo-
mist at ISC from 1987 to 1991. IPGRI placed a field officer at ISC in 1986 to
st rengthen its activities in genetic resource managemen t in West Africa.
ISC provides good field and laboratory facilities including approximate ly 220
ha of experimental plots, pas ture , and cultivated areas for grazing trials, and
facilities for in-pen and g roup feeding of animals. The Center has plant and soil
laboratories and crop dry ing facilities for assessing the feeding values of for-
ages and conduct ing in-depth invest igations on nutr ient cycling. Short- and
long-term seed storage and a tree nursery are also available.
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Mandates of different 
centers and 
commonality of 
objectives
International Livestock 
Centre for Africa (ILCA) 
Theme 1: Economics of livestock 
production in mixed farming 
systems in semi-arid West 
Africa
ILCA initially focussed its research on defining the role of livestock in mixed
farming systems, moni tor ing the management and productivi ty of village
herds, prel iminary evaluat ions of feed supplements , and animal traction. The
program was expanded in 1989 to include more strategic research a imed at
devising and evaluat ing improved resource managemen t technologies that in-
crease the sustainability and stability of livestock product ion in mixed farming
systems. ILCA's research is organized into four major themes.
Typology of livestock producers in mixed farming systems. Previous ILCA
research has shown that producers keep different types and classes of livestock
and practice different managemen t and product ion strategies d e p e n d i n g on
the level of resources at their command . The degree of integrat ion of livestock
into the farming systems also varies.
The objective of this s tudy is to develop a typology of crop- l ivestock pro-
duct ion systems and producers in order to assess the constraints and oppor-
tunities that exist within the farming systems (Williams 1994). This s tudy will
help to identify the key research issues that are likely to have a m a x i m u m
positive impact on the crop and livestock product ion activities of different
categories of producers .
Whole-farm modeling. Model ing is a cont inuous exercise requiring the input
of all ILCA, ICRISAT and other scientists working at ISC. The interdisciplinary
approach to model ing will target key economic and biological interactions of
the mixed farming system and identify important research issues that improve
the sustainability of the system. Objectives of economic model ing are; (1) to
develop a comprehensive whole-farm model that incorporates the essential
interactions between components of mixed farming systems, (2) to investigate
the extent to which interactions between components of mixed-farming sys-
tems influence the choice of crop-l ivestock enterprises and farmers ' incomes,
(3) to analyze the impact of relevant stochastic events on mixed-farming sys-
tems (e.g., the effect of d rought on grain and biomass product ion and subse-
quent animal productivity) and what further adjustments can be m a d e to
increase the stability and sustainabili ty of livestock product ion over the long
term.
Theme 2: Agro-ecology of 
livestock production in mixed 
farming systems 
Cropland forage and fodder resource use. The objectives of ILCA's research
on cropland forages are; (1) to define a typology of cropland forage and fodder
resources in terms of their types, amounts, annual and seasonal availability,
management practices, and nutritive value, and (2) to identify constraints to,
and management strategies for, efficient use of crop residues that satisfy nutri-
tional demands of animals and requirements for soil management.
Nutrient cycling by ruminants. The objectives of nutrient cycling research are;
(1) to assess the direction and magnitude of nutrient transfers between range-
lands and crop lands, and (2) to identify and overcome constraints to more
efficient use of animal manure in cropping systems while conserving the natu-
ral resource base (Fernandez-Rivera et al. 1993, Somda et al. 1993, Williams et
al. 1993).
Integration of legumes into mixed farming systems. The objectives of the
forage legume research are; (1) to identify dual-purpose (grain and forage)
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l egumes and browse species suitable to the product ion system, and (2) to
develop managemen t systems that fully exploit the agronomic benefits and
feed value of legumes, and lead to the enhanced product ivi ty of both crops and
livestock. Appropr ia te mixtures of legumes and cereals may present possi-
bilities to select feeds that satisfy animal nutri t ional d e m a n d s , and p roduce
animal excreta that is less susceptible to nutr ient losses w h e n appl ied to
cropland.
Theme 3; Livestock nutrition in 
mixed farming systems 
Feed shor tages d u e to periodic droughts , long d ry seasons, and the d iminu t ion
of graz ing areas as cropping expands severely limit the product iv i ty of rumi-
nant livestock. Seasonal differences in quant i ty and quali ty of feeds require that
livestock diets be supplemented at certain t imes of the year. However , since
supp lemen t s are both scarce and expensive, their use is very limited.
The objectives of the ruminan t nutri t ion research are; (1) to de te rmine and
improve the availability and nutr i t ive value of local and introduced feeds
(Fernandez-Rivera et al. 1994) and to search for al ternative feeds, and (2) to
deve lop appropr ia te feeding systems for different animal categories that en-
hance nutr ient cycling while improving survival, growth, reproduct ive perfor-
mance , and offtake (Powell et al. 1994, Powell and Williams 1993).
The feeding value of, and economic returns from utilizing new,
agronomical ly promising cereal and grain legume varieties, forages, and
browse need to be de termined in order to assess their impact on livestock
product ion.
Theme 4: Animal traction The adopt ion of animal traction for farm operat ions has been limited in semi-
arid west Africa. Al though its use has been promoted as a way to increase
cultivated areas and yields, and alleviate labor shortages, sustained adop t ion
has only occurred in such limited locations as low-lying valleys where cash
crops like cotton a n d / o r g roundnu t s are grown, and on irrigated rice schemes.
Not only have adopt ion rates been low, but some farmers have abandoned
animal traction after 3 -5 years, or cont inue to use it only for t ransportat ion.
Given the potential impor tance of animal traction, particularly as a labor-
saving technique in product ion systems where seasonal labor shor tage is a 
major product ion constraint, it is impor tant to unders tand the reasons for this
sparse and incomplete adopt ion pattern.
The objectives of animal traction research, which will be initially limited to
Niger, are (1) to conduct systematic field invest igations into the reasons for the
util ization, non-uti l ization, and abandonmen t of animal traction, and (2) to test
hypotheses on the effects of length of growing season, soil s tructure, rental
markets , animal and equ ipment costs, farmers ' experience, al ternative com-
binations of traction technologies (e.g. cart only, cart and plow, cart, p low and
weeder, etc.), and feed supplies on the adopt ion or non-adopt ion of animal
traction.
The IITA mand a t e that covers collaborative work at ISC is; "To improve the 
performance of selected food crops which can be integrated into improved and sustain-
able production systems." In 1984 started to work at ISC on cowpea, and on
main tenance of soil fertility and soil condit ion in the rainfed African SAT.
Cowpea is traditionally g rown as a subsistence crop. It is drought- tolerant and
thrives on poor soils. In the mi l l e t / so rghum based cropping systems of the
Sahelian region, cowpea is the main legume and a major source of h u m a n food
International Institute of 
Tropical Agriculture (IITA) 
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and livestock fodder. The principal objectives of the cooperat ive p rogram at ISC
are to develop superior cowpea cultivars that have such desirable at tr ibutes as
resistance to diseases and pests (including Striga), greater ability to wi ths tand
drought and high temperatures , that retain their leaves at pod maturity, and
that are less competi t ive wi th pearl millet when intercropped with limited
inputs .
A cowpea b reede r / ag ronomis t was posted at ISC from 1984 to 1990. Since
1991, IITA has operated this program from its base in Kano, and cont inues these
activities at ISC.
The new manda te of IFDC approved in October 1992 is; "To undertake research 
and provide assistance, advisory services, and training in response to the global needs, 
with special reference to tropics and subtropics, for the transfer and use of improved 
fertilizer and related technology, and for the implementation of economic policies that 
promote open, competitive markets and market-led associated institutions for increased 
agricultural productivity and economic development, while conserving the natural 
resource base and the environment, and enhancing the efficient use of plant nutrients." 
Since 1982, IFDC, in collaboration with 1CRISAT, has adopted a research pro-
gram that a ims to restore and maintain soil fertility as a means of increasing
productivi ty through the development of sustainable soil fertility managemen t
technologies in the West African Semi-Arid Tropics (WASAT).
The immedia te objective of this program is p romote greater and more effi-
cient use of plant nutr ients to increase food product ion by supply ing informa-
tion on the fertility status of soils, the amoun t s of plant nutr ients needed by the
crops, and the economic sources of plant nutr ients with emphas is on fertilizers
produced from indigenous materials, and the best management practices that
can ensure a healthy environment for sustainable agricultural product ion.
In 1987, IFDC-AFRICA Division was created to conduct research and training
leading to a systematic bu i ldup of soil fertility as the basis for increased agri-
cultural productivi ty in sub-Saharan Africa in general, and in West Africa in
particular.
Two programs have been designed to carry out this agenda. These are the
Watershed Management and Environment Program and the Policy Reform,
Market Research and Development Program. The IFDC Program at ISC is a par t
of the farmer.
• To develop a regional database on the resource base, including a prel iminary
assessment of the characteristics of the agro-mineral deposi ts .
• To identify, within each agro-ecological zone of West Africa, the nutr ient
needs of the soils and the most important crops, and to evaluate al ternative
fertilizer sources such as indigenous agro-minerals and organic sources of
plant nutrients.
• To develop and extend, through working with national agricultural systems
and wi th farmer participation, improved and sustainable soil-, water-, and
nutr ient -management practices.
• To s tudy the impact of fertilizer use on the farm populat ion, and on the long-
term productivity of the soil.
• To p romote the development of national systems capable of establishing soil
management , fertilizer research, and extension programs.
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International Centre for 
Research in Agro-Forestry 
(ICRAF)
ICRAF's mission, as stated in its charter, is; "To increase the social, economic and 
nutritional well-being of peoples of developing countries through the use of research 
and related activities to integrate the woody perennial in farming and related land-use 
systems in order to increase productivity, profitability, sustainability, diversity of out-
put, and the conservation of natural resources." 
ICRAF defines agroforestry as a collective name for land-use sys tems and
practices where w o o d y perennials are deliberately integrated wi th crops a n d /
or animals on the same land managemen t unit . The integrat ion can be either in
a spatial mixture or in a temporal sequence. There are normal ly both ecological
and economic interactions between the woody and non-woody componen t s in
agroforestry.
In order to fulfill its mission, ICRAF's goal is; "To initiate and assist in the 
generation and dissemination of appropriate agroforestry technologies for resource-poor 
farmers and other land users." 
Mul t ipurpose Tree (MPT) Improvement and Managemen t is one of four
p rograms in ICRAF's Research Division. ICRAF has established several
Agroforestry Research Ne tworks for Africa (AFRENAs) in collaboration wi th
international and national research centers. The youngest AFRENA is in the
SALWA. SALWA members and other international , regional, and national organi-
zat ions in West Africa underscored the need for tree improvement research on
MPT species wi th agroforestry potential in SALWA. This research could p rov ide
basic information for the deve lopment of national and regional MPT improve-
ment p rograms , and would take advan tage of the agroforestry research in
progress in the SALWA AFRENAs. An ICRAF geneticist was posted at ISC in
October 1991 in response to these research needs, and in recognition of the
compara t ive advan tage of ISC as the center for ecoregional research in SALWA,
in part icular for research in agroforestry.
IPGRI's current manda t e is; "To advance the conservation and use of plant genetic-
resources for the benefit of present and future generations." The International Plant
Genetic Resources Institute was formed in 1993 from the former International
Board for Plant Genetic Resources (IBPGR). Objectives of IPGRI are to:
• Assist countries, part icularly developing nations, to assess and meet their
needs for plant genetic resources conservation, and to s t rengthen links to
users .
• Strengthen and contr ibute to international collaboration in the conservat ion
and use of plant genetic resources.
• Develop and p romote improved strategies and technologies for p lant ge-
netic resource conservation.
• Provide an international information service on plant genetic resources.
IPGRI has a Regional Group in Sub-Saharan Africa wi th its main office in
Nairobi , and an officer in West Africa located at ISC. Activities of the Sub-
Saharan Africa G r o u p concentrate on providing technical and professional
suppor t to the deve lopment of national p rograms in the region. IPGRI activities
at ISC star ted in 1987 wi th the appo in tment of a field officer, w h o left in 1992. A 
ge rmplasm conservat ion scientist responsible for conservat ion strategies and
technologies was appointed in the same year.
International Plant 
Genetic Resources 
Institute (IPGRI) 
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Integration of research 
of different centers 
International Crops 
Research Institute for the 
Semi-Arid Tropics 
(ICRISAT)
International Livestock 
Centre for Africa (ILCA) 
In strategic terms, ICRISAT's goal is; "To improve farming systems by efficient use of
human and natural resources." 
Under the new structure of ICRISAT, the following global research projects
address the research needs and oppor tuni t ies of the six product ion systems in
Western and Central Africa.
PM 1 Improving the productivi ty and stability of pearl millet in arid to
semi-arid tropical transition envi ronments
PM 2 Improving the product ivi ty and stability of pearl millet in semi-arid
tropical envi ronments
SG 1 Improving the productivi ty and stability of so rghum in low rainfall
areas
SG 2 Improving the productivi ty and stability of so rghum in m e d i u m rain-
fall areas
SG 3 Improving the product ivi ty and stability of so rghum in high rainfall
areas
GN 1 Improvement in the productivi ty and stability of g r o u n d n u t in me-
d ium- to long-durat ion rainfed envi ronments
GN 2 Improvement in the product ivi ty and stability of g r o u n d n u t in short-
dura t ion envi ronments
MCSP 1 Rainfed short season mi l l e t / l egume systems in desert margins
MCSP 2 Short to intermediate season m i l l e t / s o r g h u m / l e g u m e product ion
systems
MCSP 3 Intermediate season m a i z e / s o r g h u m / l e g u m e mixed cropping
systems
ECON 1 Research evaluat ion and impact assessment
ECON 2 Market and policy analysis
GR Assembly and managemen t for conservat ion and uti l ization of ge-
netic resources
ICRISAT has seven Research Divisions
• Agronomy
• Cellular and Molecular Biology
• Crop Protection
• Genetic Enhancement
• Genetic Resources
• Socioeconomics and Policy
• Soils and Agroclimatology
Scientists for all Divisions are actively involved in the global research
projects.
ILCA's research at ISC mainly addresses its MTP themes on soil fertility,
agroforestry, and assessment of technology adopt ion and impact evaluat ion.
The on-station research conducted at ISC focuses on issues identified on-farm
and requires expertise in both livestock and crop product ion. The collaborative
on-stat ion research p rogram at ISC brings together researchers in animal , plant ,
and soil science and economics providing a un ique format for interdisciplinary
research (Table 2). For example, issues per ta ining to crop (food) p roduc t ion are
of principle concern to ICRISAT, whereas ILCA focuses on us ing crop residues
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for animal feed. IFDC focuses on issues per ta ining to crop residues and soil
management , wi th all three insti tutes par t ic ipat ing in nutr ient cycling research
and other issues that mit igate the compet i t ion be tween cropping and livestock
in mixed farming systems.
Table 2. Research issues, institutions, and disciplines in research on millet production at ISC (for
Sahelian and Sudanian Zone production systems).
MTP themes
Character izat ion of
p roduc t ion
env i ronments ,
Assessment of
technology adop t ion
and impact evaluat ion,
C o n s u m p t i o n and
d e m a n d s tudies
Soil fertility, Water
deficit, Agroforestry,
Assessment of
technology adop t ion
and impact evaluat ion
Soil fertility,
Water deficit
Soil fertility,
Water deficit
Soil fertility, Water
deficit, Assessment of
technology adop t ion
and impact evaluat ion
Research issue
Identification of
ma in product ion
systems, constraints,
and parameters for
technology transfer
and assessment
Food product ion
Fodde r / fo r age
produc t ion and use
Crop residues and
soil conservat ion
Nut r ien t cycling in
p l a n t s / a n i m a l s / s o i l s
Inst i tut ions
ICRISAT/ILCA
ICRISAT
ILCA/1CRISAT
IFDC/ICRISAT
ILCA/IFDC/ICRISAT
Disciplines
Economics,
Cropping systems,
Agroclimatology,
Animal nutr i t ion
Breeding and physiology,
Plant protection,
Cropp ing systems
Animal nutri t ion,
Soil and water m a n a g e m e n t
Soil fertility,
Soil and water m a n a g e m e n t
Agroecology,
Animal nutr i t ion,
Soil and water management ,
Agroforestry
Interaction among ILCA Scientists from ICRISAT and ILCA have developed strong par tnersh ips to accom-
and ISC scientists pl ish the manda t e s of both centers, th rough jointly implemented cooperat ive
research. Recent examples of interactions be tween them and other centers
work ing at ISC include the following.
Pearl mil let -stylo intercrop. ILCA and ISC scientists examined the possibilities
of in tercropping pearl millet wi th a local line of Stylosanthes fruticosa and an
Austra l ian cultivar (Verano) of S. hamata. Millet g rown in association wi th stylo
gave m u c h lower grain yields than millet alone (Kouame et al. 1993). However ,
mil let-s tylo intercrops gave biomass yields similar to those from sole-cropped
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millet, and crude protein yields up to four t imes greater than those obtained
from millet alone. A positive residual effect of stylo on subsequent millet yields
was also observed. Sole millet g rown on plots that had been previously
cropped with stylo yielded about 0.5 t more grain than millet that followed
millet. Further trials demonst ra ted the beneficial effects of stylo on the growth
rate of livestock. Sheep fed solely on millet stover gained less than 1 kg live
weight in 70 days, whereas those whose diets were supp lemented with 500 g of
stylo d a y 1 gained nearly 3.5 kg.
Alternating strips of pearl millet and stylo (Stylosanthes hamata) at ISC. 
Cattle grazing pearl millet stover 
Crop residues and manure. In a series of long-term exper iments scientists
from ILCA, IFDC, and the University of Wageningen initially investigated the
effects of crop residues, manure , and urine on the chemical and physical p rop -
erties of the soil, and on millet grain and stover yields. They showed that crop
residues had a very positive effect when used as a soil amendmen t . However ,
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farmers of the region cont inue to use crop residues as feed for livestock a n d / o r
to t rade this resource for manure . Similarly, the manur ing trials showed a 
highly posit ive impact of manu re and urine on crop productivity, but, since
only small a m o u n t s of manu r e could be produced from feeding crop residues,
most m a n u r e nutr ients need to be transferred from range lands by grazing
animals . Recently, the decision was m a d e to cont inue these crop residue s tudies
in a large mult i - and inter-disciplinary experiment .
Sheep coralled to manure sorghum fields 
Decomposit ion of plant material and manure in the soil. The role of soil
microorganisms and termites in decompos ing crop residues and livestock ma-
nure is under investigation. Initially, the leaching of nutr ients from plant mate -
rial and faeces, and the decomposi t ion of these materials in the soil as a result
of the activity of microorganisms and termites were studied by scientists from
ILCA and the University of Hohenheim. Identification of termites found in the
field indicated the predominance of the Odondotermes spp . Their popula t ions
were higher in an imal -manured plots than in millet s t raw plots. Adjacent field
plots are being established to investigate the relative response of millet to
sources of manure , t ime of application, and biocide amendmen t s . Urea-N 1 5
will be applied to assess organic N up take using an A-value method .
Pearl millet growth pattern, nutrient partitioning, and early grazing. Initial
exper iments evaluated the effects of fertilizer on d ry matter yield and the N, P,
and structural carbohydrate distr ibution in pearl millet (Powell and Fussell
1993). Fertilizer-N increased total millet yield by 13%, N up take by 63%, and P 
up take by 29%, whereas fertilizer-P increased total millet yield by 100%, N 
up take by 80%, and P up take by 140%. Results showed the impor tance of N 
and especially P in increasing grain and forage yield and quality, and that
fertilizer and stover can be effectively managed so that both crops and live-
stock can be raised in a sustainable manner. This work is being expanded into a 
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s tudy on growth pat terns, the part i t ioning of nutr ients and cyanide dur ing
growth, and the response of millet to early grazing.
Genetic influences on the feeding value of crop residues. The propor t ion of
morphological components , the chemical composit ion, and digestibility of mil-
let stover from several genotypes is being investigated in an ICRISAT-ILCA
collaborative project. The results show that due to the high concentrat ion of its
structural components , millet stover is poorly digested. The genotypes differed
little, if at all, in the digestibility of their leaves. However , prel iminary evalua-
tions suggested that the feeding value of millet stover can be genetically im-
proved. Leaves that had brown midribs contained 42% less lignin and were 5%
more digestible than normal leaves. The feed value of stover from varieties
with trichomeless leaves is also being investigated. Al though this effort has
focused on millet stover, work has been initiated on determining the effect of
genotype on the feed value of cowpea and g roundnu t hays.
Feeding value of multi-purpose trees. The mul t i -purpose trees established as
windbreaks in the agroforestry program of ISC were evaluated for their die tary
selectivity by small ruminants . Al though only about 3% of the tree b iomass
was browse leaves, goats predominant ly fed on trees, whereas sheep preferred
millet leaves and weeds . Dietary preferences changed dur ing the dry season.
Goats showed initial preferences for Ziziphus Mauritania, Acacia Senegal, and
A. nilotica, with Bauhinia rufescens being highly selected dur ing the later part of
the 5-month study. This s tudy is being continued as an 1SC-ICRAF-ILCA collab-
oration, in which the genetic variation in feed value of several MPT species is to
be evaluated.
Goats browsing among shrubs that serve as windbreaks 
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Potential feeding value of herbage from Striga hermontheca. In an explora-
tory trial, the chemical composit ion, intake, and digest ion of Striga herbage by
sheep was investigated. Striga was found to have a highly atypical chemical
composi t ion (more than 20% inorganic matter, more than 3% N, more than 50%
structural components , and relatively high levels of potential ant i-nutr i t ional
factors). Al though about 60 % of the organic matter was digestible, its high-ash
content makes Striga a low-energy feed. The amoun t of Striga eaten by sheep
was comparable to the amoun t of crop residues they ale. Results suggested that
this weed is a low-quality feed, but that it could be a source of supp lemen ta ry
protein.
Since 1984, a large number of introduced and local cowpea ge rmplasm acces-
sions from Niger, Burkina Faso, Mali, and Senegal, have been evaluated. The
local ge rmplasm accessions, which are largely of a spreading habit, indetermi-
nate, and photoperiod-sensi t ive, varied widely. The program has focused on
dua l -purpose (gra in / fodder) cowpea resistant to insect pests and diseases.
Lines resistant to bacterial blight have been identified and used to incorporate
the resistance into susceptible but well-adapted local varieties and dual -pur-
pose cultivars.
Improved cowpea cultivar (TVX 3236) sown after harvesting pearl millet 
Striga resistance was identified in 11 cultivars, and genetic s tudies of Niger
and Mali biotypes were under taken by a Malian scientist.
Research was conducted on many factors that affect the productivi ty of the
mi l le t / cowpea intercropping system. These included the choice of cowpea
cultivars (Ntare and Williams 1991), sowing da te of cowpea in relation to millet
(Ntare and Williams 1991), dens i ty and fertilizer responses (Ntare and Bationo
1992). The results showed that cowpea cultivars suitable for intercropping with
millet should not compete strongly with the cereal, but should be able to
produce acceptable yields of both grain and fodder when intercropped. The
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genotypes suitable for intercropping were identified. The interaction be tween
cowpea cultivars and sowing da te w a s highly significant. Ear ly-matur ing cow-
pea cult ivars s ow n in closely spaced hills had less effect on millet yields than a 
late-maturing cultivar sown in widely spaced hills. The o p t i m u m t ime to s o w
an intercrop of cowpea is 7 to 14 days after the millet has been sown. A 
compensa t ion rat io was der ived, and was found to be a useful index for select-
ing cult ivars of cowpea suitable for use as intercrops.
Since 1991 IITA has cont inued to conduct exper iments at ISC bu t on a reduced
scale. Joint meet ings are held regularly to coordinate cowpea research. Re-
cent ly it has been agreed to coordinate research efforts on Striga resistance in
the region, and collaborative p rograms have been designed to implemen t this
strategy.
IFDC research at ISC is integrated into the MTP themes of soil fertility, water
deficit, assessment of technology adopt ion, and impact evaluat ion. IFDC
agronomic research consisting of benchmark and satellite exper iments , has
been established at ISC and at Tara, and supp lemented wi th on-farm trials. In
its MTP, ICRISAT calls for intensification of these efforts to unde r s t and and
provide solutions to the fertility constraints to crop product ion in the WASAT.
Both IFDC and ICRISAT are commit ted to these efforts, and u n d e r this revitalized
program, addi t ional benchmark trials will be established at the ICRISAT loca-
tions in Mali and Nigeria, and in Farako-Ba, Burkina Faso, in collaboration
wi th the national research p rograms of the respective countries.
Activities on research stat ions involved the deve lopment of technologies
based on farmers ' practices, and the testing of innovat ions related to nutr ient
inputs , organic mat ter inputs , c ropping systems, and land management . On-
farm researcher-managed trials validate and adap t the me thods that worked
on the research stat ion to the condit ions that app ly to farmers ' fields wi th in
each agroclimatic zone.
Highl ights of IFDC-ICRISAT collaborative research include:
• The assessment and characterization the soil resource base indicated that the
soils in WASAT are inherently low in fertility, indicated by low levels of
organic matter, total nitrogen, and effective cation exchange capacity (Ba-
tiono et al. 1989, M a n u et al. 1991).
• Lack of mois ture limits crop product ion in the WASAT but poor soil fertility is
a more ser ious constraint in the long run.
• The ma in causes of the infertility of acid soils in the WASAT are a l u m i n u m
and manganese toxicity, and deficiency or reduced availability of phos -
phorus , nitrogen, calcium, magnes ium, and m o l y b d e n u m (Bationo et al.
1991).
• Results of a s tudy to examine the long-term effects of different soil fertility
managemen t processes showed that the sandy Sahelian soils in the WASAT
are extremely fragile, and that poor managemen t leads to ser ious soil degra-
dat ion. Unless organic a m e n d m e n t s such as crop residues or m a n u r e and
lime are appl ied , cont inuous cult ivation leads to a decrease in organic mat-
ter (5% a year), leaching of bases, soil acidification, and a decline in crop
yields (Geiger et al. 1992).
• Several phospha te rock (PR) deposi ts in WASAT including Tahoua PR (Niger),
Parc-W PR (Niger), Kodjari PR (Burkina Faso), Tilemsi PR (Mali), Haho toe PR
(Togo), and M a t a m PR (Senegal) have been characterized and their
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agronomic potent ial has been de te rmined (McClellan and Nothol t 1986).
Results indicated that direct appl icat ion of Tahoua PR and Tilemsi PR is bo th
agronomical ly and economically feasible. Partial acidulat ion of the m o r e
insoluble rocks (Roy and McClellan 1986) has effectively improved their
agronomic potential (Table 3) (Bationo et al. 1986, 1989, 1990, 1991, and 1992).
T a b l e 3 . A g r o n o m i c e f f e c t i v e n e s s o f s u l f u r i c a c i d - b a s e d 5 0 % p a r t i a l l y a c i d u -
l a t e d p h o s p h a t e r o c k s (PAPR) i n d i f f e r e n t e c o s y s t e m s o f W e s t A f r i c a .
P h o s p h a t e r o c k
s o u r c e
( 5 0 % PAPR)
T o g o
T o g o
T o g o
K o d j a r i
K o d j a r i
K o d j a r i
P a r c - W 5 0 %
S o i l o r d e r
A l f i s o l
U l t i s o l
O x i s o l
A l f i s o l
A l f i s o l
A l f i s o l
E n t i s o l
C r o p
M a i z e
M a i z e
M a i z e
M a i z e
S o r g h u m
M i l l e t
M i l l e t
R e l a t i v e
a g r o n o m i c
e f f e c t i v e n e s s 1
9 0 . 0
6 6 . 7
108 .9
8 4 . 1
8 1 . 3
108 .9
9 3 . 4
1. Single super-phosphate = 100%
• The results have contr ibuted to significant changes in some gove rnmen t
policies. For instance, the Government of Mali is currently p lann ing to re-
place impor ted P wi th Tilemsi PR. The Governmen t s of Niger and Burkina
Faso, have assessed the feasibility of establishing local fertilizer industr ies
th rough the t ransformation of Parc-W PR and Kodjari PR.
• N 1 5 s tudies have s h o w n that the efficiency of N up take in the WASAT is low
and that losses of appl ied fertilizer-N up to 58% are common. These losses
can be h igher (75%) in farmers ' fields (Christ ianson et al. 1990, Bationo and
M o k w u n y e 1991).
• The use of l egumes in a millet-based c ropping sys tem has been found to be
an efficient w a y to app ly N, especially to cereals that follows l egumes (Fig-
ure 1).
• Us ing isotopic di lut ion N 1 5 technique, it w a s found that up to 80 kg N ha-1
could be fixed by cowpea u n d e r good soil managemen t . Therefore, rota t ing
a cereal wi th a l egume is of great benefit in mainta in ing soil fertility in the
WASAT (Bationo et al. 1991, 1994).
• Measures to correct negat ive nutr ient balances have led to active research on
integrated plant nutr ient managemen t , including efficient u se of such na tu-
ral resources as locally available agro-minerals combined wi th recycling
plant nutr ients from organic residues.
• The use of c rop res idues and m a n u r e are prerequisi tes to susta inable agricul-
ture in the Sahelian Zone. Con t inuous cult ivat ion wi thou t organic a m e n d -
men t s usual ly results in ser ious soil degrada t ion over t ime. The add i t ion of
organic mater ials either in the form of crop residues or as m a n u r e improves
soil chemical and physical propert ies (Figures 2 and 3).
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Figure 1. Increased yields of pearl millet as a result nitrogen and the cropping system at Tara, Niger 1989-92. 
(a) Grain yield (t ha-1).
(b) Dry matter (t ha-1).
• M a x i m u m sustainable crop product ion can be achieved by us ing bo th fertil-
izers and organic materials (Bationo and M o k w u n y e 1991b, Hafner et al.
1993, Bationo et al. 1993a and 1993b).
• As a rule, it wou ld appear that sustainability is assured by app ly ing m a n u r e
or crop residues, and fertilizers, in combination with crop rotat ion.
Figure 2. Increase in the sorbed phosphorus (at 0-10 
cm depth) due to different management practices at 
Sadore, Niger) rainy season 1991. 
Figure 3. Effect of different management practices on 
soil organic matter content at Sadore, Niger rainy sea-
son 1991. 
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Genetic variation in growth, 
form, phenology, and fodder 
characteristics among open-
pollinated families of 
Faidherbia albida and 
Cambretum aculeatum in
SALWA parklands 
Faidherbia albida, showing its effect on pearl millet. 
Genetic variation within and 
among provenances of Prosopis 
africana and Balanites 
aegyptiaca in SALWA 
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Most ICRAF research projects fit into ICRISAT's MCSP 1 and are carried out in
collaboration wi th ICRISAT, ILCA, and the SALWA national p rograms . Such col-
laboration is part icularly necessary if we are to; (1) identify traits that are
adapt ive ly a n d / o r economically impor tant in the appropr ia te agroforestry sys-
tems, (2) deve lop suitable methods to evaluate genetic variat ion in these traits,
and (3) establish long-term trials of genetic variation.
The following species were selected for the initial phase of the ICRAF-ICRI-
SAT MPT improvement project in SALWA: Faidherbia albida, Prosopis africana, 
Combretum aculeatum, and Balanites aegyptiaca, The species, which are indige-
nous to SALWA and other African regions, are valued for their fodder p roduc-
tion and other species-specific proposes. The following projects were in
progress, dur ing 1993.
Objectives are to; (1) evaluate genetic variat ion in several MPT traits (e.g.
growth, form, foliage phenology, foliage fodder value, and foliage decomposi -
tion rate) among open-poll inated families of F. albida and C. aculeatum in the
parkland agroforestry systems of SALWA, (2) est imate genetic paramete rs for
these traits, (3) evaluate index-selection me thods for these traits, and (4) evalu-
ate the level of genetic variation and the stability of traits with age, and in
relation to the soils and meteorological condit ions at the test site.
Objectives are to; (1) evaluate genetic variation in several MPT traits (e.g.,
growth , form, foliage phenology, foliage fodder value, foliage decompos i t ion
rate, and drought tolerance) a m o n g open-poll inated families of P. africana and
B. aegyptiaca, (2) est imate genetic parameters for these traits, (3) evaluate index-
selection me thods for these traits, and (4) investigate pat terns of geographic
variat ion in the traits.
Prosopis africana growing near local grain stores 
Variation in the breeding 
system and structure of genetic 
diversity in Faidherbia albida
in SALWA parklands 
International Plant 
Genetic Resources 
Institute (IPGRI) 
Contributions to 
ICRISAT's mission 
Objectives are to; (1) develop laboratory methods for resolving isoenzyme
variat ion in such vegetative tissues as leaves, buds , and root tips on rooted
cuttings, (2) modify laboratory me thods for cotyledon tissue culture to increase
the number of resolvable enzyme systems as much as possible, and (3) investi-
gate breeding system variation, genetic diversity, and genetic relatedness in
SALWA parklands .
As a regional office, IPGRI at ISC provides technical and professional suppor t to
the deve lopment of ge rmplasm activities in the region. These has been limited
collaboration with ICRISAT agronomists in the characterization and evaluat ion
of germplasm accessions, with agroforestry/ICRAF programs in the use of trees
and forest reserve management , and with ILCA for handl ing the forage species.
The cold storage facilities available at ISC are used to suppor t IPGRI's ge rm-
plasm conservation studies.
As ment ioned earlier, research on cereal-based product ion systems in the West-
ern and Central Africa Region requires a strong multi-disciplinary approach .
Collaborative efforts with other IARCs not only reinforced ICRISAT's core re-
search on natural resource management , which was limited, but also helped to
achieve synergisms that would not have otherwise material ized. For example ,
the livestock research agenda of ILCA perfectly complemented the millet crop-
ping systems and agroforestry research carried out by the ICRISAT core g roup .
Through collaborative trials and sharing of resources, the livestock componen t
was integrated into ICRISAT's mission and both the centers achieved economies
of scale that are so desirable under the prevail ing funding constraints.
Similarly, collaboration with IFDC enabled integrat ion of research on locally
available agro-minerals and nutrient dynamics into ICRISAT core research on
cropping systems and soil and water management . In operat ional scale re-
search conducted on-station and on-farm, IFDC and ICRISAT scientists worked
together to achieve the common objective of increased and sustained produc-
tivity of millet-based cropping systems.
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Collaborat ion wi th IITA's cowpea p rogram helped advance ICRISAT's crop-
p ing sys tems w o r k on relay cropping and intercropping to the s tage of opera-
tional-scale research, th rough contr ibut ing very useful informat ion about
sui table cowpea varieties.
These are only a few examples that i l lustrate the benefits of work ing to-
gether. Inter-center collaboration at ISC provides a good example to NARS in the
region of h o w research on c rop / t r ee / l i ves tock interactions can be integrated in
an opera t ional f ramework.
The research p rog rams of different internat ional centers at ISC is closely inte-
gra ted , most ly th rough existing ne tworks , wi th ongoing w o r k in different
NARS, to improve zonal research coordinat ion, and to identify research issues
of m u t u a l interest. The on-farm economic research of ILCA that involves typol-
ogy of livestock produc t ion and animal traction is conducted in coopera t ion
w i t h the nat ional depa r tmen t of rural economic research [Depar tement na-
tional de la recherche economique rurale (DECOR)] and the an imal resource
services [Services agricole de ressources animates (SARA)] of Niger. Agro-eco-
logical research involving cropland forage and fodder resources a n d nut r ien t
cycling, and research on animal nutr i t ion, have been initiated wi th the Depar t -
men t s of Animal and Ecological Research of the Inst i tut nat ional de recherches
agronomiques du Niger (INRAN), the Universi ty of A b d o u M o u m o u n i , and the
Ministry of Agricul ture and Animal Resources.
Collaborat ive ne tworks in which ILCA actively part ic ipates inc lude the Pan
African Small Ruminan t Meat and Milk Ne twork , African Research N e t w o r k
for Agricultural By-Products (ARNAB), Sahelian Pastoral Moni tor ing Ne twork ,
and Animal Traction Research Ne twork (all ILCA-coordinated ne tworks) , and
the West African Farming Systems Network .
Since the initiation of an IFDC-ISC Program in 1982, ISC has he lped to es tab-
lish the West African Fertilizer Managemen t and Evaluat ion N e t w o r k (WAF-
MEN). The initial meet ing to establish WAFMEN w a s held in Niger in 1983. It
began wi th collaborators from six nat ional research inst i tut ions. Today, 19 na-
tional inst i tut ions in 14 countr ies are par t of the network. M a n y WAFMEN
collaborators are conduct ing more and more trials a t different locations a n d are
work ing wi th their extension colleagues to conduct on-farm tr ials—a measu re
of the confidence they have gained over the years.
IFDC-ICRISAT farmer-managed trials are des igned to be m a n a g e d entirely by
farmers as a m e a n s of testing a part icular technology and its interact ion w i th
farm m a n a g e m e n t practices. Nat ional research and extension worker s assist
farmers a n d IFDC scientists in deve loping technology packages a d a p t e d to the
m e a n s and circumstances of the farmers. The da ta genera ted are ana lyzed a n d
main ta ined in an interactive da tabase accessible to nat ional collaborators. Such
agronomic da ta , combined wi th socioeconomic da ta will form a base that can
used to formulate effective policies in different countr ies in the region.
Cur ren t m e m b e r s of the SALWA AFRENA include ICRAF, ICRISAT, a n d nat ional
agricultural research centers in Burkina Faso (IRBET), Mali (IER), Niger (INRAN),
a n d Senegal (ISRA). SALWA is coordinated by an ICRAF scientist in Burkina Faso.
Research, t raining, a n d o ther activities of ICRAF scientists are regional in scope
a n d integrated wi th activities of all SALWA member s . Researchers at ISC a n d
mos t nat ional p rograms in SALWA conduct considerable research on the
agroforestry potent ial of Faidherbia albida. Researchers at ISC a n d / o r s o m e na-
tional p r o g r a m s have also worked on Combretum aculeatum, Prosopis africana, 
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and Balanites aegyptiaca. However , relatively little research has been carried ou t
on the genetics of these four species.
Training national technicians and scientists t h rough short- and long-term
courses is of p r ime impor tance to all IARCs. At present , the p r o g r a m s of the
different centers working at ISC provide financial assistance, and technical
gu idance and facilities for g radua te s tudents . These encompass a variety of
subjects including soil and plant nutr ient research, an imal nutr i t ion, forage
agronomy, agro-ecology, tree genetics, and an imal traction. A n u m b e r of stu-
den ts from the Universi ty of Abdou M o u m o u n i and other universi t ies in the
region together wi th s tuden ts from universi t ies in deve loped countr ies partici-
pa te in these training programs. All the centers collaborate closely in organiz-
ing training courses at ISC. Future collaboration in this area is expected to
increase with the increasing recognition that such courses b r ing together ex-
per ts from different centers and are highly cost effective.
Al though ILCA scientists consult an ILCA statistician w h o visits ISC regularly,
they also interact frequently wi th ICRISAT senior statistician and their pee r s in
the process of reviewing experimental protocols, research papers , a n d research
reports .
ILCA-ICRISAT co-sponsored the International Conference on Livestock and Sus-
tainable Nut r ien t Cycling in Mixed Farming Systems of Sub-Saharan Africa
(22-26 N o v 1993, Add i s Ababa). The conference b rought together nat ional a n d
international experts in livestock (cattle, sheep, and goat) nutr i t ion and m a n -
agement , crop and forage product ion, soil science, and socio-economics, a n d
addressed fundamental issues of nutr ient balances, agricultural productivity,
and the well-being of people, livestock, and the envi ronment in the SZ.
Scientists from different centers collaborate actively in the prepara t ion of
journal articles and conference papers . The large n u m b e r of pape r s publ i shed
every year is an adequa te tes t imony to the effectiveness of inter-center collab-
orat ion at ISC.
Future increases in product ivi ty in the Sahelian region require the adop t i on of
more integrated approaches to agricultural product ion. In recognit ion of the
urgent need for knowledge to br ing about sustainable increases in agr icul tural
product ion, TAC proposed an ecoregional approach to focus and coordinate the
research skills of the CGIAR in pursui t of this goal (TAC 1991). Three aspects of
this research were recognized.
• Appl ied and strategic research on the foundat ions of sustainable p roduc t ion
systems in the ecoregion
• The improvement of product ivi ty in the ecoregion by d r a w i n g on app rop r i -
ate global research activities
• Strengthening of cooperat ion wi th national par tners and the d e v e l o p m e n t of
t ransnat ional mechanisms of collaboration.
Research of different international centers at ISC embraces all these a p -
proaches and focuses on both appl ied and strategic research to i m p r o v e the
product iv i ty of millet-based cropping the p r e d o m i n a n t p roduc t ion sys tem in
the Sahelian region. The global activities of the centers involved contr ibute to
this aspect of research in the region. Effective pa r tne r sh ips wi th the appropr ia te
NARS in the region are well established t h rough the ne twork mechan i sms
al ready operat ional wi th in each center.
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Conclusions
ICRISAT recognizes the advantages offered by inter-center collaboration in
problem-solving and plans to further strengthen this approach in its medium
term plan. Results of the past decade's cooperative activities provide ample
evidence of the effectiveness of this approach to the benefit of all the participat-
ing centers.
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A b o u t ICRISAT
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of India, parts of
southeast Asia, a swathe across sub-Saharan Africa, much of southern and eastern Africa, and parts of Latin
America. Many of these countries are among the poorest in the world. Approximately one-sixth of the
world's population lives in the SAT, which is typified by unpredictable weather, limited and erratic rainfall,
and nutrient-poor soils.
ICRISAT's mandate crops are sorghum, pearl millet, finger millet, chickpea, pigeonpea, and groundnut; these
six crops are vital to life for the ever-increasing populations of the semi-arid tropics. ICRISAT's mission is to
conduct research which can lead to enhanced sustainable production of these crops and to improved man-
agement of the limited natural resources of the SAT. ICRISAT communicates information on technologies as
they are developed through workshops, networks, training, library services, and publishing.
ICRISAT was established in 1972. It is one of 17 nonprofit, research and training centers funded through the
Consultative Group on International Agricultural Research (CG1AR). The CGIAR is an informal association of
approximately 50 public and private sector donors; it is co-sponsored by the Food and Agriculture Organiza-
tion of the United Nations (FAO), the World Bank, and the United Nations Development Programme (UNDP).
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